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^ (54) Title: DRUG COMPOSITION CONTAINING LECITHIN-MODIFIED SUPEROXIDE DISMUTASE 

^ (54)3ie«®«fj;: ^*>^>^t^-/<-:^-+i/Ks?xA^t-^f$;tEal^asE«^ 

S S^lJ^Snwo'^rr^^f '^^ comprising a lecithin-modified superoxide dismutase (PC-SOD) n=p«sented by Ute general 
O tomiula (I) sop (9-B)m and a drug earner and exhibiting specific properties, stability and so on: (I) (wherein SOD' is a suneroxide 

§ o7ZZl^^l?^::r:!:Tf '"""^^^^^ ^ ^-"^""^ '""^ ^^^^ aWithinlL?gT;droxyU^^^^^^^^^ 

S S rcSSo r„*2^t'ri™t^"' h '"^ ' Tu"^ ""^'^ ' °' -°™P«^ition is UtUe lowered in theTctivi.y 

® 11^^^^ ^ long-temi storage by virtue of the action of sucrose in the composition, gives freeze-dried products havine 



wo 01/00230 Al lili 



(57) 



Tfa-^^ ( 1 ) = 

SOD' (Q-^B)m (I) 
(^cfj. SOD' {i7i-^-?-;a-=^i/Kv^^i^^--1^«^ 

$ n ^> V ^ ^ -Ik ^ ~ - ^ ^ ^> 1^' ^ ^ ~ ( P 
:g^r^l<*#{-<t5>PC-SOD<Dg'l4{ST;65'>''^<x 
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(b) #^2p3 _ 1 7 0 4 3 8-^<2^^{3{i, Ui^^>^it±mm^mm^^iMQ 

L/ii^ LTte ^ b<^5fetf fi^Wt- Ji. P C - S O D^U«i/:x — ^ a — ^-^W 
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:^^m^hii±mwm^m»:-t^tiisbi:i. pc- sod ^m^^^t-r^mm 

SOD' (Q-B) „ ( I ) 

(5^4^. SOD' {i;^-^^-:^^v^ Kv^:^A^>-ifO?«^^U, Qmb^6^$i^ 

—ar^i^ Kv'^-t.^-- e^Stt^ 10 0^ bfr^-^. W^m^X^fzMM^^ S°CX' 
\2^n. 2 5 °Cl:- 1 2 ^ ^ . X{± 4 0 m^^l.fzm.'^AZioif 
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^^-m-it. ^fi (i'c-3or) T^;I*3v^T. mwimm cawfflTK) 

6 ^ ^ . X(i 4 0 °C-C 6 >r ^ r.1f*# Lfc V ^-rnc7)St^j-4i5i, ±IE (a) ~ (d) {d 
-e^ ^ ix5 P C - s O D <!: $ -tirS r ,b j; «9 ^ P C - s O D cD®tt{gT^«i 

M:mmimi:i ^^pc-sod (Dmi^i&rr-a^fj: < i^^m>m < ) . -mm^m l 

mt:-^<Dmmmm^tix\,^^(DX\ mm^^. m^i^mmfnimmcDs^^tL 
xmmxh^o 
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( 1) i^mf^ mMM:^^ l^fflv^?)PC-sOD 

-li:T#?)ri:;55-e#6o ^OP C- SOD{:i?!>:^ (I) -C^^tbSo 
SOD' (Q-B) „ (I) 
_hlE-IS^ (I) SOD' (i;^-/N-^^v/Kv^:^i^^-irW^S^^-ro 

(I) ^<^soD' ^^^:rt<7)fg^4^^o,-<D^<li?i:v^9^<7)7^*^ 

$?*LV\ ^Ur ^(75^131? -b. t hS5K(DCu/Zn SOD (?Stt'^''il^{c:l§i:M 
ia^r^tl't hS5l5(7)SOD;UJlT.t hCu/Zn S CD ilBglEi-S :i t t>foa) 
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n SOD ',mm^j^^^^mi^x^mm^ti^\i hcuxzn sod-.^bco 
t hcu/z n SOD tmw±m-(DT ^ ymmn^^i-^mm^\^ vo^/ 

Zn SOD. m^cDt hCu^Zn S OD(DT ^ / ^iEa^rjtfj,?)— gpcT^x ^ y 
^^\\Lm(^\:Lmm\i L < fi^C'^ Lfc S O D^i)^^ 0 , v ^■r^^(^ fchCu/Zn S 

##(7)fc46. r(755c^(7)t hCu/Zn S ODtT^i? >y-?^K(^T ^ /®?iE3?iJ5r 
^M6<j^m&t::J:«9. l 1 1 {i^-fe y >{zi^|^Lfct h c u/Z n SOD 

(#^Bg 62-130684 -^^i^fg) {b;^6<3{zr (7) 1 1 1 {iO v-^ V^j^gft! Lfc 
thCu/Zn SOD 6-199895 -^^^) t>#^^tLT*5 f9 . me>0 

t hCu/Z n SOD^mWi: LT.^IgB^fcijottS P C - S OD^ttS r <>: 
T-#-5o ^LT. m^(Dt HCu/Zn S OD<7) 9 '■;?^6<J^TJ^5^^» 
6l3(^i^--e$> <9 . J6*oSOD^tt;5S^^LTV^;5, 1 1 1 fiL<^i^><.7"-f 

-r:^) ^Ufd. thCu/Zn SODiSr^*t<b LT. 2^|gB.q{;ijo{t5PC-SO 
DiSr#5<^;6S$?*H/\ 

>'<^*5*P^^W»{^*JV^T{i,r(DJ:9^^t: hCu/Zn SOD\:l^\^XW&.^^ 

^^mmm\z.^'o~^r ^ j^^W^^fz.^(n>^^\i hcu/zn soD<7)— las 

D<i:V^9o 

^fc, Bul55t (I) tt'<7)B-e:^$tL6 -fe-n— /WCO 2^i{^7K^S^W-^S 

-0-CH (CHoOR) [CH,OP (0) (0") (OCH,CH,N+ (CH3) .,) ] (II) 



wo 01/00230 



6 



PCT/JPOO/04138 



/VS. ^(ommmm^ 14-22 (omv^mmmB^-c-h o . * u 

V\ -fb^S^J^lit LTJi. ^£-C (O) - (CH2) „-C (O) -?5'^^?iJ^$^x. 
A>O^J*bV\ ^(Dnm\t.. ^HO-C (O) - (CH,) „-C (O) -OHT' 

^^*5V^T. S- (CH,) „-l^*5{t^n{±2J^Jt(DS^Tfe'9, L < 2 ~ 
Sr^L-Cl^^o m(t 1 a±<73iEl^-Cfc 0 . 1 ~ 1 2 <^iE^/5S$f ^ L < . 4;as«l#l3: 

^jii^^Wf^^e - 5 4 6 8 1 ^■{i^m:^B^^^nti:f7m^v^^xno z t:^^^ 

:^mmmmmf^^m^m\^^^pc- SOD mmt i.xmmx^ ^m^izmm 
^fi. mmt LxmAr-ff^titj:^'mn^mnm^^^^j:\'^h<7)xh^^t^m 

^J;t{±'PC-SOD{t. 2.500 U/mg(PC-SOD) JeA±(Otb?gtt^Wi-5fSM$tLfc 
'b«7>^fflV^:5(D;6WS L< . 3,000 U/mg (PC-SOD) i^_b(7)tl:fS't4^W"t'^5KM$tt 
fct>(7);6SJ;«9^i?^LV\ 2|s:B^^B»^Z*5l^T 1 U(:x^.;/ h) pH7.8. SCC 
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(D^i^rX-N B T h a y^jU-y^ h 7 1/ y !J7 A) ^fflV>T J. Biol. Chem. Vol. 244, 
N0.22, 6049-6055 (1969) J; "9 aiJ^L. NB TOilTcitll^ 5 0 % 

pj.*^s PC- soD<Dmmm^m-to 

0. 25 EU/mg J^T^^^f * L < . ^^tJbPSIf (0. 006 EU/ml) JL^XTtJ^ J: ^ $f i L 

/J^T'^S ; h^^yiJy-iy^^J^-LS-G, LS-2 0. LS-5 0M, oc^^ K 
;^^o._Es-6. :^>K^-<v— ES-2 0 0 (ifef b^XHI^^^tt) „ 

mm.jmn±{\) xtm l/c p c - s o d ^ , (2) xmm vfz.m.mui^. - 

S P C - S O D<D?&14igT7i-^^>7^i < (3c^mm < ) . \^tzm^(Dikm'- 
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X 0. 1/100~80/100 i^/i-^f ^ U < > 0. 4/100—60/100 U^^^ ^ ^ b V \ 

t.fz.:^mmmMM^m±. "to^fm^m^mi^. o. i3~o. is^tmoix 

^j. i^^m. mmk m^m. mm^L mmm. mmmk .^w^l mmimm. 

±m^±w^^n. mmt\^xmmx?^^nm(7ym.^x^^. f}^-ommtL,xm 

Ar>n^ti^j:^^'^'S.^nn^i^^^^j^^^h(D^m.mx^^o 

mm^. wi^vt. i^tinw^^mm(Dmm^mt.\^\'\ fj::3^mm'^<Dm 

m^nmn. <i^iii(7>w^^m^mi^v^ox. mm^^m-^^i^m^m'^L.xn 
i,zmn^ti^xoWi^\^xno^t-^-x^^o ^^is ( ) ihu. ^^m^^-r^ 
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(Di^m-r^o m^i-t^ ^m.^^^-4ox: — 5 o'c^-e^^ip-rs (o.3~i.5 

i3)M^ikm^mw\^ts:t)'-hi^mm^^-ibmu^X'm-ro m^-it. -4 or — 

(4) M^^m^mw (bmu^m^-t^ m^i:£ 3 -20 ^m^m, 

(5) «/±-r^o 

ihmm^:m^^^i^mk(Dmi^Lmmi>tl<o (Dmmmm^ 100 (%) t i^tzm^. 
# Ltim(Dmm^\^(D^Mm(%) 9 7 ^ u < 9 9 %)^y.±xh^o 

^(D^-^m-i. mi^^^mmmi^(D r (1-2-2) f::|S«c$n/c:i^jSfeT' 

(c) ^/mm^ ^-^hv^-^^ -izx^mmmm^'-^ : 2 2 0 n nKDv^^^m 
m <D t°- ^ (Dm-^ t . w^^mm<D p c - s o d ^ 1^ t°- ^ <Djfm tcomiz^ 
r ( 1-2-3-1) y/uiti§^ h y ^ -iz^^mmif^mi:^'-^ (Drnmrnmnzm 
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J^n^ 2 5'C-ei2^^, X{i4 0'C-C6-:r^Pflf*#LfcB#tw*3tt5. 2 2 On 

r (1-2-3-2) itta^ h 7 ^ -iClct 6®ii^i^@t°-i^ <^^tttlK^J 1-15^^ 

$^>t;i;*:|gB>^E^i^Wi. 8°C-t?3 6^^. 2 5°c-e3 

6 ^ ^ . Xfi 4 0 6 ^ ^ P^dS:^ UfcV >-rtl(DBt,.^l;i*5V ^T t ±|S (a) ~ (d) 

fca^<D#»K7?)^e>'^i^-). jsgi^iM^;6s^*n^o ^nh(Dmmmmnpc-s 

D^::^S-^L-CV^/c:^v'^^;6S#»^^W^n^^> PC- SOD<!: Lrc^^H^/SS 

m^atvxi^-^-r^fzib<^M:K^MmtL-xm\^^o^^K moypm(r>mM^u. mx. 
{i. mn. m^mjmm(owsAt\^x{m-r^^thx^^. 

^(D;6s$fibv\ '^J;t{i. if.mmmMmm!i^mmm(D'&M^mmt\.xmm 

^wmmmm-kWi^'>m^(^'&Mmmnh\^xwm-^m^. Tvy7^. ^-^ 
$tt>t^-r'f*i^$-^-r, »£ii$itfc5vs*i;p:#L, ^s-^miciiit^i^-^'caM^J^ b 
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^<m\:-mm^mmx^^o 
^mmm^mm^mmx^ ^mma. pc-soD(Dimizx^xi&m: (mm. 

nmm. fl^jfo.^. mm^. -mm&^^y^^ ^M&.mmm') \z.^ommum 
i^mnm. mmz.^^msmmmm. ^%mm. mmmm. ^nwu. wm. 
^mcnmmmm. m^m). wmm^. mm. mmmmm. mm^mmmm 
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n^Mb-r^w^/ssT't^o Mj^ti^xi^. mmm mm. mmm. fimm. m 

^mwn. y^-f^^-n. pi^AMJ> ^nmt'^m^^h^m^. a*t^j;6W*i^<. 

2^|gBJMS^J^<^^?:l)J5fe^ (p c - s OD) (D»ioc}:t)^^f»S^J(7)S-^*fi> 

•^^^fl\^1)'^M7L\'tMmA>l LTfifeA 1 A 1 0 ^ 9 0. 5~100mg (1500-300000 

< 3 >immmn'BLxmmMm^'^ 

±tE(7)ii^. PC-SODdiX^-i? n— ^^^#^^5 ri:{wJt<9 ^pe- 
so D(Df5tt{6T^ML. %tM. mPC-SODM^J^^u-^ h^9^^ 

(I) T'^$ttSPC-SODi:*#$-^S^i:{^iOI^PC-SODcO?S 

m(r>m(^MW^'^^°~^(^^'^^W\'t^fz^(DMX^^o $f^b<{±, mllSP 
C-SOD(D?5tti&Ttorp^J, *D<J;t;^f^PC-SOD(D;?7^i^^ci-^ h^'^^^-Y 
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tiis^^mmmumi-i. Wt^^mm.mufs!^!m(Dmm<Dmc p c - s o d ,t 
$-&5i:v^9 55bm?ri§»i- So ^ox:^mmnmmit. mibpc-sod 

1^ s o D {±, mm^ 6-199895 ^^Am^t^m. ^ t\.ti:^mxmm l/c t> (^^^ v ^fco 

:i(75fc hcu/z n soDo 111 {itDT^: y^tis- (2 - 1 Kp^v'^i^/i^ 
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< 2>PC-SOD<DPti 

PC-SOD{:i. #^1? 6-54681 -^^^fcilSife^ tLfc:^&{c: J: o-c. 2- (4 

^SWIg^^ci— y — &(Lowry, 0. h. J. Biol. Chem. , 193^, 265 H (1951 
Goodwin. J. F. Clin. Chem.. 16 #, 24 K (1970 ^)) T'^WT^ ^ ^ {:i i «9 . 

soDir9-^^*>fc«9<DWv^^v^^f^<7)^^^^5S:ibfci:r:^. ¥1^4. of@-C 

trfcS) *>fc'9*Ul 8 O O O-efoofdo 
C^Jg^l] 

3^^Wi^:l*5v^r rpEG4oooj t\%. tKU ^^^i^^'i/y (^i^^^- 

T-»4 0 0 0) ^V>5o 

(i-i);^jg|S:<ll 

W^m^ (^7=^71- No. RL402BS ;*fPM^$!i) ^fflV^-C^fl^m^i^^^*Sf£# 

bfco /^i3<*^^i^<^":7"<='i/^J>.{i, TfS^l<^^7"5/y(i)~(5)(^|i|li:imtT$ 
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(1) 




2 5^:^-4 O'C 




(2) 






1 2^rBT 


(3) 




-4 0t:-^2 5°C 


1 2^f^ 


(4) 






1 6. SBtrsT 


(5) 




2 sr-e^it 





(1-2-1) ti^bcf^i^ 

L<ii^^ti^#i^|Ii6/it^co^ rxj i:bTff-ffiL/Co 
(1-2-2) ^^tif^:®^ 

?t^$ft^flfig#>{ca#tffl7K^^^JDLTS^^fi?L;t^^^^^fflV^, pH7.8. 30°C(D^ 
#TTNBT(- hP:7Vl.-^ h^yy •>A)^ffll^T J.Biol.Chem. Vol. 244. 
No.22, 6049-6055 (1969) {::^i:fc:^?'i(Ci: 19 PJ^L. NBT(D31^it^:S:5 0% 

wm-t^mm^^ i u ^ L-r*46fco Wimjm.%.<r>mm'mm: i o o (%) t l 
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( 1-2-3) tivM.^^^hi!^'7^^-iz.x^ wmmm. ^ <r>mm^ 

(1-2-3-1) y/V'^^ig^ hi?'^:7^-{cJ:S^^i^gt°-i^<?5ltm«^^(OT. 

: YMC-Pack Diol-200 {(W) ^-^^^^ ^) 

^uiffi : 45%T-fe v=-hv /^yo, oiM u i^mm^M 

tU^-Y- M^*3ttSPC-SOD(Dt:°— i5'<D?F^:b:75S, <^^^^*tl<^P C- SOD 

(D b:°- ^ <D« t mW^-^^^-f^n^^ ibn/.^7i^o fcm^^ roj . m^nMm(D P C 

(i-2-3-2)3S^!+Bi^D-^ hi/T7^-t::<t6»^J^Kfc°— iJ't^^^aifm (fii-T. rc 

Nj tB&ie-rsr t t>fc^) 

±is (1-2-3-1) w\m.\^um^mmi aT<7):=^ ^ j>^mmm^^m\^ ^ttmrnm 

UyJ^ : i/T/ tVWbv/y :*y/i^ ((t*) y-Y^iAWM) 
^Sbffi : T-fe h:=^ h y /V/0. 1% h !) 7/V::rc3@^^ (Tir h = h ^ yKT) 2 0 %~ 
9 0%(^liJ^^iai::J: i^^ati) 

m^m(D2 2 0nmmJ^2 7 0 nm<DtK^J^^il^6^i^1^m bfCo PC- SO 

-a-fhffi^ (SI) pc-sODOk^'-i:',!: s I ^<d-^H-®^ (st) 
^>«r(7)if:/y/K^oV>-C«^!|^K<D» (S I /ST ;%) ^^ffi bfCo 

(2) PC-SOD -^WEMmfife^iCoV ^T(D^ 
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mmmj^mv-mm uyt p c - s o d (o. w^^-r tm RxiTm<Dm: 2 iZTjk 
^^otih(D^ r@j ^ijJij^Lfco 



«2 







GPC 




T^ = >'(20mg) 
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y h— /I^(20mg) 


0 
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X 


-^>=- h— /P(20mg) 


0 


X 


X 


y/Wt yl^(20mg) 


X 


0 


X 


iJ^ D— X(20nig) 


0 


0 


© 




X 


X 


X 


W iy:/(20mg) 


0 


X 


X 


PEG4000(0. 5mg) 


0 


X 


X 


^a(20mg) 


0 


X 


X 




X 


X 


X 



^2(Dl^Wz^>h. PC-SOD (iv'^ — i:^ ci-xi:*t::ia^-r6r<i:[:iJ;o-c. mub 
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m^dM^mx-m^ ufc p c - s o uRUT^com 3 \z.7jk vtz^mj^^^'&mm 





PC-SOD 




PEG4000 








2mg 


lOOmg 










2mg 


5mg 


lOmg 








2mg 






5mg 


lOmg 




2ing 




lOmg 


Smg 





(b) mmn'mk . 4 0 °c -c 3 ^ l /-cib#,.^. 

(c) w^nm^k. 2 5 °c-t:- 3 ^ ^ l/cb#,^. 
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2 5°C 3^M 
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3 1 
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(a) 


(b) 


(c) 

2 5X: 3^n 
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3(6)^^ 


1 1 
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110 


10 2 


2 1 


10 0 


9 7 


114 


110 


3 1 


10 0 


114 


10 3 


10 2 


4 1 

• 


10 0 


9 9 


9 4 
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2 5°C 3 >!r.^ 
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2 1 O 
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3 1 O 
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4 1 O 
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^e^^x N. T. {iKi 
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1 (a) 


(b) 


(c) 
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4 0°C S^fl 


2 5°C 3^n 


8°C 3 (6) 


1 1 1 


1. 0 


1. 0 


1. 1 


2 1 1. 5 


1. 8 


1. 6 


1. 8 


3 1 1. 5 


3. 4 


2. 2 


1. 8 


4 1 1.4 


3. 4 


2. 2 


1. 8 
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^fc±|E^:^{w*3V^•r. PC-SOD o-^a^l: 0.4mg, foSv^fi lOmg Lfct><7)(::o 
PC-SOD St>'v'^-^o-;^ S ^M^M)5rjt#);ii^ J: »9 S^rBl<^ 

(f) ^^it^^fi. 4 0 "c-e 6 ^ ^ r^if^^ bfcBf.-^. 

(g) 'm.m^'^^^ 2 5 rr- 1 2 ^ ^ PhT (g-D , 2 4^nm (g-2) . 3 e -ir ^ (g- 

(h) 8 1 2 >^ ^ (h-1) , 2 4^Mm (h-2) . 3 6 ^ ^ Pel (h-3) 
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SEQUENCE LISTING 

<110> LTT Institute Co. , Ltd. , and Seikagaku Corporation 

<120> Pharmaceutical composition containing lecithinized-superoxide 

dismutase 

<130> 

<160> 1 

<210> 1 

<211> 153 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Ala Thr Lys Ala Val Cys Val Leu Lys Gly Asp Gly Pro Val Gin Gly 

15 10 15 

He He Asn Phe Glu Gin Lys Glu Ser Asn Gly Pro Val Lys Val Trp 

20 25 30 

Gly Ser He Lys Gly Leu Thr Glu Gly Leu His Gly Phe His Val His 

35 40 45 

Glu Phe Gly Asp Asn Thr Ala Gly Cys Thr Ser Ala Gly Pro His Phe 

50 55 60 

Asn Pro Leu Ser Arg Lys His Gly Gly Pro Lys Asp Glu Glu Arg His 
65 70 75 80 

Val Gly Asp Leu Gly Asn Val Thr Ala Asp Lys Asp Gly Val Ala Asp 

85 90 95 

Val Ser He Glu Asp Ser Val He Ser Leu Ser Gly Asp His Cys He 

100 105 110 

He Gly Arg Thr Leu Val Val His Glu Lys Ala Asp Asp Leu Gly Lys 

n5 120 125 

Gly Gly Asn Glu Glu Ser Thr Lys Thr Gly Asn Ala Gly Ser Arg Leu 



r 
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130 135 
Ala Cys Gly Val He Gly He Ala Gin 
145 150 
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1. Title: METHOD OF PRESERVING HUMAN COPPER AND ZINC TYPE 

SUPEROXIDE DISMUTASE 

2 . Claim 

1. A method of preserving human copper and zinc type 
superoxide dismutase characterized in that said superoxide 
dismutase is mixed with at least one sugar selected from the 
group consisting of disaccharides, ketose monosaccharides, and 
sugar alcohols. 

3. Detailed Description of the Invention 
Industrial Field of Application 

The present invention relates to a method employing a 
specified sugar to preserve human Cu and Zn type superoxide 
dismutase (abbreviated hereinbelow to "SOD") in a frozen state. 
Prior Art 

Human SOD is an enzyme which eliminates superoxide in the 
dismutation reaction shown below. 
2-0"2+H^ - O2+H2O2 

Thus, human SOD has attracted attention as a therapeutic 
drug effective for tissue damage (eg, inflammation, degenerative 
arthritis, chronic rheumatoid arthritis, damage from radiation 
exposure, damage from ultraviolet exposure, oxygen omental 



^ Numbers in the margin indicate pagination in the foreign text. 
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disease in immature infants, cataracts, side effects of antineo- 
plastics such as Adriamycin, damage accompanying restoration of 
circulation to areas deprived of blood, and the like) in the body 
caused by superoxide. 

No decrease in the enzymatic action of human SOD is observed 
when this protein is subjected to freezing and thawing or freeze- 
drying processes, nor is formation of insoluble matter visible to 
the naked eye. However, human SOD subjected to analysis by 
sodiiam dodecyl sulfate — polyacrylamide electrophoresis, high- 
performance gel filtration liquid chromatography, and the like 
produces by-products consisting mostly of dimers. 

Thus, the use of human SOD in pharmaceutical products 
necessitates its stable storage. However, by-products resulting 

/474 

from the storage process may have allergenic side effects; the 
generation of such substances must be prevented. 

Most proteins are known to generate by-products, undergo 
denaturation rendering them insoluble and the like, and lose 
their biological activity when subjected to freezing and thawing 
or freeze-drying processes. Such denaturation is known to be 
preventable by addition to the protein solution of biological 
polymeric compounds such as albumin, DNA, carrageenan, dextran, 
or starch; amino acids; polyethylene glycol; or glycerol prior to 
freezing and thawing or freeze-drying. 

However, the use of animal-derived albumin, DNA, 
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carrageenan, starch and the like is undesirable in pharmaceutical 
products containing human SOD since such substances may be 
allergenic. The use of human-derived substances, presenting 
sourcing difficulties and highly expensive, is not practical. 

Conventional methods of preserving SOD include a method (US 
Patent No. 3,637, 64^) of preserving bovine SOD (tradename: 
Orgothin^, Diagnostic Data Co.). Denaturation of bovine SOD is 
25 percent or greater with f reeze-drying. However, by combining 
pentose and hexose (for example, galactose, fructose, fucose, 
arabinose, glucose, mannose, and sucrose) with bovine SOD prior 
to f reeze-drying, denaturation of bovine SOD is prevented. 

However, even with the combination of aldose monosaccharides 
such as galactose, arabinose, glucose, and the like to human SOD 
prior to f reeze-drying, analysis by anion-exchange chromatography 
reveals denaturation (Comparative Example 3) . Thus, the use of 
aldose monosaccharides to prevent denaturation of human SOD 
during freezing or f reeze-drying is undesirable. 
Problems to Be Solved by the Invention 

The object of the present invention is to provide a method 
of preserving in a frozen or freeze-dried state a solution of 
human SOD processed with specified sugars. 
Methods of Solving the Problems 

2 

Last digit missing in Japanese . -Tr . 
^ Transliteration of Oruqochin in Japanese . -Tr . 
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As the result of extensive research conducted to solve the 
above-described problems, the present inventors discovered that 
by mixing human SOD with at least one sugar selected from the 
group consisting of disaccharides, ketose monosaccharides, and 
sugar alcohols, human SOD can be preserved in a frozen or freeze- 
dried state; the present invention was devised on this basis. 

That is, the present invention relates to a method of 
preserving human SOD characterized in that human SOD is preserved 
by mixing it with at least one sugar selected from the group 
consisting of disaccharides, ketose monosaccharides, and sugar 
alcohols . 

A quantity of sugar 0,05-10 times by weight, preferably 0.1- 
6 times by weight, the quantity of human SOD is employed in the 
present invention . 

The present invention is described in greater detail below. 

Human SOD suitable for use in the present invention can be 
extracted and refined from human cells, tissue, organs, or the 
like (eg, red blood cells, livers, or placentas); obtained by 
genetic recombination of microbes so that they produce SOD with 
the same amino acid sequence as human SOD; or the like. 

Examples of sugars used in the present invention for the 
preservation of human SOD in a frozen or freeze-dried state are 
sugar alcohols (for example, sorbitol, mannitol, inositol, and 
ribitol), disaccharides (for example, sucrose, trehalose, 
maltose, lactose, isomaltose, cellobiose) , and ketose 
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monosaccharides (for example, fructose, xylulose, ribulose, and 
sedoheptulose) . These sugars can be used singly or in 
combination. 

7475 

There are no specific restrictions on the method used to mix 
human SOD with the above-listed sugars. Examples are: 

(a) Direct addition of sugar to an SOD solution (1-100 mg/mL) 
followed by intimate mixing; 

(b) Addition of a sugar solution to an SOD solution (1-100 mg/mL) 
followed by intimate mixing; and 

(c) Direct addition of an SOD solution to a sugar solution 
followed by intimate mixing. 

This processing can be conducted at a temperature of 0-40°C, 
preferably 0-15°C. The is no specific limit to the processing 
time after mixing. 

The solvent used with the SOD solution or sugar solution of 
the present invention is not specifically limited. For example, 
water, physiological saline, phosphate buffer solution, and other 
buffer solutions can be used. 

A suitable quantity of the sugar-containing human SOD 
solution thus prepared is charged to a vial or other suitable 
container, frozen at a temperature of -80 to -15°C, and stored as 
is at -80 to -15°C, or dried under a vacuum (200-500 mTorr) and 
stored at -80 to -10°C. In this manner, human SOD can be 
preserved in a frozen or freeze-dried state. 
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Embodiments 

The present invention is described in detail below on the 
basis of reference examples and embodiments. However, these 
embodiments do not limit the scope of the present invention. 

Testing of the embodiments by polyacrylamide electro- 
phoresis, high-performance gel filtration liquid chromatography, 
and anion-exchange chromatography was conducted according to the 
methods indicated below: 

(1) Polyacrylamide electrophoresis 

Analysis (referred to hereinbelow as "electrophoretic 
analysis") of by-products produced in the storage of frozen or 
freeze-dried human SOD processed by addition of a specified sugar 
was conducted based on the Remury method (Nature, 221 , 680 
(1970) ) . 

Minislabs of gel (length: 60 ram, width: 100 mm, separation 
portion: 45 mm, holes: 10) having a 3 percent gel concentration 
and a 12.5 percent separation gel concentration were prepared, 20 
//g of denatured sample was placed into each hole, and the samples 
were subjected to electrophoresis with a constant current of 20 
mA- The electrophoretic samples were then dyed with KomashT 
Brilliant Blue R-250. Human SOD was confirmed at 20 KD 
(kilodaltons) (monomer) and by-products were identified at 40 KD 
using electrophoretic molecular weight markers from Farmacia. 

(2) High-performance gel filtration liquid chromatography 

Analysis by high-performance gel filtration liquid 
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chromatography (referred to hereinbelow as "gel filtration 
analysis") of by-products produced in the storage of frozen or 
freeze-dried human SOD processed by addition of a specified sugar 
was conducted in the manner indicated below. 

A TSK-3000 SW column (Toyo Soren) and an eluant in the form 
of 50 mM sodium phosphate — 0,2 M sodium chloride solution (pH 
7) were employed with a flow rate of 0.7 mL/min. Use of high- 
performance gel filtration chromatographic molecular weight 
markers from Oriental Enzyme Co. confirmed human SOD at 40 KD and 
by-products were identified at 79 KD. 
(3) Anion-exchange chromatography 

Analysis by anion-exchange chromatography (referred to as 
DEAE analysis hereinbelow) of change occurring in the storage of 
frozen or freeze-dried human SOD processed by addition of a 
specified sugar was conducted on a TS-DEAE 5 PW column (Toyo 
Soren) in the manner indicated below. 

Anion-exchange chromatography was conducted by the linear 
gradient method using a TS-DEAE 5 PW column and eluants in the 
form of an A solution (20 mM tris acetate (pH 8.5)) and a B 
solution (20 mM tris acetate — 0.5 M sodium acetate (pH 8.5)) 
(the B solution was brought from 0 percent to 15 percent over 74 
min) at a flow rate of 0.8 mL/min. 

Embodiment 1 

A 74 mg quantity of sorbitol, a sugar alcohol, was added to 

0.37 mL of human SOD solution (human SOD 100 mg/1 mL of distilled 
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water) and distilled water was added to make 1 mL. This solution 

/476 

was charged to a vial, frozen at -20°C, and thawed at room 
temperature* The stability of human SOD when frozen and stored 
with the addition of sugar was examined by above-described gel 
permeation analysis (2) and DEAE analysis (3) . 

Gel permeation analysis revealed by-products at 79 KD. The 
quantities produced were 0.007 percent after five cycles, and 
0,008 percent after 10 cycles of repeated freezing and thawing. 

DEAE analysis did not reveal any denaturation of human SOD. 

Embodiment 2 

The stability of human SOD when frozen and stored with the 
addition of sugar was examined in the same manner as in 
Embodiment 1 except for the substitution of inositol, a sugar 
alcohol, for sorbitol. 

The quantity of by-product identified at 79 KD by gel 
permeation analysis was 0.014 percent after five cycles, and 
0.011 percent after 10 cycles of repeated freezing and thawing. 

DEAE analysis did not reveal any denaturation of human SOD. 

Embodiment 3 

The stability of human SOD when frozen and stored with the 
addition of sugar was examined in the same manner as in 
Embodiment 1 except for the substitution of sucrose, a 
disaccharide, for sorbitol. 

The quantity of by-product identified at 7 9 KD by gel 
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permeation analysis was 0.004 after five cycles and 0.008 percent 
after 10 cycles of repeated freezing and thawing. 

DEAE analysis did not reveal any denaturation of human SOD. 

Embodiment 4 

The stability of hiiman SOD when frozen and stored with the 
addition of sugar was examined in the same manner as in 
Embodiment 1 except for the substitution of trehalose, a 
disaccharide, for sorbitol - 

The quantity of by-product identified at 79 KD by gel 
permeation analysis was 0.008 percent after five cycles, and 
0.007 percent after 10 cycles of repeated freezing and thawing. 

DEAE analysis did not reveal any denaturation of human SOD. 

Embodiment 5 

The stability of human SOD when frozen and stored with the 
addition of sugar was examined in the same manner as in 
Embodiment 1 except for the substitution of maltose, a 
disaccharide, for sorbitol. 

The quantity of by-product identified at 79 KD by gel 
permeation analysis was 0.004 percent after five cycles, and 
0.007 percent after 10 cycles of repeated freezing and thawing. 

DEAE analysis did not reveal any denaturation of human SOD. 

Comparative Example 1 

The stability of human SOD when frozen was examined in the 
same manner as in Embodiment 1 except for the omission of 
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sorbitol • 

The quantity of by-product identified at 79 KD by gel 
permeation analysis was 0.019 percent after five cycles, and 
0.028 percent after 10 cycles of repeated freezing and thawing. 

DEAE analysis did not reveal any denaturation of human SOD. 

Table 1 shows the results of the examination of human SOD 
storage stability when frozen and thawed with the addition of 
sugars in Embodiments 1-5, and without sugar, in Comparative 
Example 1 . 



Table 1 



Embodiment 


Sugar Additive 


Cycles 


Test Method (2) 


Test Method (3) 








79 KD (%) 


Denaturation 


1 


Sorbitol 


5 


0.007 




None 






10 


0.008 




2 


Inositol 


5 


0.004 


None 






10 


0.011 




3 


Sucrose 


5 


0. 004 


None 






10 


0.008 




4 


Trehalose 


5 


0.008 


None 






10 


0. 007 




5 


Maltose 


5 


0.004 


None 






10 


0. 007 




Comparative Example 1 {No Sugar) 


5 


0.019 


None 






10 


0.028 





Embodiment 6 
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A 100 mg quantity of sorbitol, a sugar alcohol, was added to 
0.5 mL of human SOD solution (human SOD 100 mg/distilled water 1 
mL) and distilled water was added to make 1 mL. The solution was 
charged to a vial, frozen at -80°C, and dried over night under a 
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vacuum (200-500 mTorr) . The freeze-dried human SOD obtained was 
dissolved in distilled water and the stability of freeze-dried 
human SOD was examined. 

Gel permeation analysis revealed a 0.08 percent quantity of 
by-product at 7 9 KB. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 1) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 4 0 KD. 
Embodiment 7 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of mannitol, a sugar alcohol, for sorbitol. 

Gel permeation analysis revealed a 0.23 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 2) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Embodiment 8 
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The stability of f reeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of inositol, a sugar alcohol, for sorbitol. 

Gel permeation analysis revealed a 0.11 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 3) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Embodiment 9 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of sucrose, a disaccharide, for sorbitol. 

Gel permeation analysis revealed a 0.04 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 4) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 4 0 KD. 
Embodiment 10 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of trehalose, a disaccharide, for sorbitol. 

Gel permeation analysis revealed a 0.05 percent quantity of 
by-product at 79 KD. 
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DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 5) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Embodiment 11 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of maltose, a disaccharide, for sorbitol. 

Gel permeation analysis revealed a 0.01 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 6) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 4 0 KD. 
Embodiment 12 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of lactose, a disaccharide, for sorbitol. 

Gel permeation analysis revealed a 0 percent quantity of by- 
product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 7) . 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Embodiment 13 
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The stability of f reeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of fructose, a ketose monosaccharide, for 
sorbitol . 

Gel permeation analysis revealed a 0,01 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 8) . 

/478 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Comparative Example 2 

The stability of freeze-dried human SOD was examined in the 
same manner as in Embodiment 6 except for the omission of 
sorbitol . 

Gel permeation analysis revealed a 0.45 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 12) 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Comparative Example 3 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of arabinose, a monosaccharide, for 
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sorbitol . 

Gel permeation analysis revealed a 0.03 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 9) 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 4 0 KD. 
Comparative Exanple 4 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of glucose, a monosaccharide, for sorbitol. 

Gel permeation analysis revealed a 0.01 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
(Fig. 10) 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 
Comparative Example 5 

The stability of freeze-dried human SOD with the addition of 
sugar was examined in the same manner as in Embodiment 6 except 
for the substitution of galactose, a monosaccharide, for 
sorbitol . 

Gel permeation analysis revealed a 0.06 percent quantity of 
by-product at 79 KD. 

DEAE analysis did not reveal any denaturation of human SOD 
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(Fig. 11) 

Electrophoretic analysis did not reveal any by-products 
having a molecular weight of 40 KD. 

Table 2 shows the results of the examination of freeze-dried 
human SOD storage stability with the addition of sugars in 
Embodiments 6-13 and Comparative Examples 3-5, and without sugar, 
in Comparative Example 2. 



Table 2 



Embodiment 


Test Method (1) 
4 0 KD 


Test Method (2) 
79 KD (%) 


Test Method (3) 
Denaturation 


6 


None 


0.08 


None 


7 


Present 


0.23 


None 1 


8 


None 


0.11 


None 


9 


None 


0.04 


None 1 


10 


None 


0.05 


None 11 


11 


None 


0.01 


None 


12 


None 


0 


None 


13 


None 


0.01 


None 


Comparative Ex. 2 


Present 


0.45 


None 


Comparative Ex. 3 


None 


0.03 


Present 


Comparative Ex. 4 


None 


0. 01 


Present 


Comparative Ex. 5 


None 


0.06 


Present 
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Embodiment 14 

A 5 mg quantity of sorbitol, a sugar alcohol, was added to 
0.5 mL of human SOD solution (human SOD 100 mg/distilled water 1 
mL) and distilled water was added to make 1 mL. The solution was 
charged to a vial, frozen at -20°C, and dried over night under a 
vacuum (200-500 mTorr) . The freeze-dried human SOD obtained was 
dissolved in distilled water and the stability of freeze-dried 
human SOD examined. 

Gel permeation analysis revealed a 0.236 percent quantity of 
by-product at 79 KD. 
Embodiment 15 

The stability of freeze-dried human SOD with addition of 
sugar was examined in the same manner as in Embodiment 14 with 
the exception that 12.5 mg of sorbitol was employed. 

Gel permeation analysis revealed a 0.104 percent quantity of 
by-product at 79 KD. 

Embodiment 16 

The stability of freeze-dried hioman SOD with addition of 
sugar was examined in the same manner as in Embodiment 14 with 
the exception that 25 mg of sorbitol was employed. 

Gel permeation analysis revealed a 0.065 percent quantity of 
by-product at 79 KD. 

Embodiment 17 

The stability of freeze-dried human SOD with addition of 
sugar was examined in the same manner as in Embodiment 14 with 



18 



the exception that 50 mg of sorbitol was employed. 

Gel permeation analysis revealed a 0.038 percent quantity of 
by-product at 79 KD. 

Embodiment 18 

The stability of freeze-dried human SOD with addition of 
sugar was examined in the same manner as in Embodiment 14 with 
the exception that 100 mg of sorbitol was employed. 

Gel permeation analysis revealed a 0.012 percent quantity of 
by-product at 79 KD. 

Embodiment 19 

The stability of freeze-dried human SOD with addition of 
sugar was examined in the same manner as in Embodiment 14 with 
the exception that 200 mg of sorbitol was employed. 

Gel permeation analysis revealed a 0.026 percent quantity of 
by-product at 79 KD. 

Embodiment 20 

The stability of freeze-dried human SOD with addition of 
sugar was examined in the same manner as in Embodiment 14 with 
the exception that 300 mg of sorbitol was employed. 

Gel permeation analysis revealed 0 percent by-product at 79 

KD. 

Comparative Example 6 

The stability of freeze-dried human SOD was examined in the 
same manner as in Embodiment 14 with the exception that sorbitol 
was omitted. 
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Gel permeation analysis revealed a 0.425 percent quantity of 
by-product at 79 KD. 

Table 3 and Fig. 13 show the results of the examination of 
freeze-dried human SOD storage stability with the addition of 
sugars in Embodiments 14-20 and without sugar in Comparative 
Example 6. 



Table 3 



Embodiment 


Human SOD (mg) 


Sorbitol (mg) 


Test Method (2) 74 KD (%) 


14 


50 


5 


0.236 


15 


50 


12.5 


0.104 


16 


50 


25 


0.065 


17 


50 


50 


0.038 


18 


50 


100 


0.012 


19 


50 


200 


0.026 


20 


50 


300 


0 


Comparative Ex. 6 


50 1 


0 


0.426 



Effect of the Invention 

Preservation of frozen or freeze-dried human SOD is possible 
by the method of the present invention (ie, a method by which 
human SOD is processed by mixing it with at least one sugar 
selected from the group consisting of disaccharides, ketose 
monosaccharides, and sugar alcohols to obtain a solution which is 
then frozen or freeze dried) . 
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4 . Brief Description of the Figures 
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Fig. 1 shows the results 
Embodiment 6. 

Fig. 1 shows the results 
Embodiment 6. 

Fig. 2 shows the results 
Embodiment 7. 

Fig. 3 shows the results 
Embodiment 8. 

Fig. 4 shows the results 
Embodiment 9 . 

Fig. 5 shows the results 
Embodiment 10. 

Fig. 6 shows the results 
Embodiment 11. 

Fig. 7 shows the results 
Embodiment 12. 

Fig. 8 shows the results 
Embodiment 13. 

Fig. 9 shows the results 
Comparative Example 3. 

Fig. 10 shows the results 
Comparative Example 4. 

Fig. 11 shows the results 
Comparative Example 5. 

Fig. 12 shows the results 



of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 
of the DEAE analysis recorded in 



Comparative Example 2. 

Fig. 13 shows the results of examination of the storage 

stability of f reeze-dried human SOD with sugar addition in 

Embodiments 14-20 and without sugar in Comparative Example 6 
Fig, 1 
Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 
Fig. 8 
Fig. 9 
Fig. 10 

Fig. 11 
Fig. 12 
Fig. 13 
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CERTIFICATE OF CORRECTION (Form) 

September 27, 1988 

Commissioner of Patents: 

1. Designation of Document 

Patent Application No. 63-135457 

2. Title of the Invention 

Method of Preserving Human Copper and Zinc Type Superoxide 
Dismutase 

3. Party Making Corrections 

Relation to Dociament: Applicant 

(02) Ube Industries, K.K. 
1-12-32 Nishiki-machi, Ube-shi, 
Yamaguchi - ken 
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Postal Code 765 
Yasuo Kiyomizu, Agent 

4 . Date of Correction Order 

Date mailed: August 30, 1988 
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5. Number of Inventions Added in Corrections: None 

6. Object of Correction: 

Figures 

7. Content of Corrections 

(1) Figures 1-13 are- hereby corrected as per accompanying 

sheets. 
Fig. 1 
Fig. 2 
Fig. 3 



Fig. 4 
Fig. 5 
Fig. 6 
Fig. 7 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 
Fig. 13 

[#left] Amount Produced (%) 
[#bottom] Sorbitol/Human SOD (W/W) 
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V. ffMtt. m^it.x(-iimm±<omm-^mmz-:>\,^x<ommi 2* (pct3 5*(2)) »c^*5^«, -ttvSrSMit-s 
x»&xj^fsim 

1. M.m 



(N) iil*©«5ffl 5, 12. 14, 17. 18 ^ 

fl*©ffiffl 1-4. 6-11. 13. 15. 16 m 



M^miS) ff*0|5ffl 5. 1 2. 1 4. 1 7. 1 8 ^ 

»*05ffiH 1-4. 6-11. 13, 15. 16 m 



MHJicDfUffl BitBtt ( I A) a*»ttffl 1-18 ♦ 
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